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(54) Title: PARTICLE DETECTOR SYSTEM 

(57) Abstract 

A combined impedance and fluorescence 
particle detecting system (10) comprising a plate 
(60) separating two chambers (52, 58), the plate 
having a small orifice (63) enabling flow of liquid 
sample between the chambers, and means (132, 
134) for determining variations in impedance 
at the orifice due to the flow therethrough of 
particles within the liquid sample; a light source 
for irradiating the particles within or close to the 
orifice and a detector (114) for receiving light 
emitted by the particles; and preferably means 
for clearing the orifice without removal of the 
plate from the system. 



82 90 84 94 



//////A 




^MzzzzA 



v/y///////7 









FOR THE PURPOSES OF INFORMATION ONLY 








Codes used to identify S 


tates party to the PCT on 


the front pages of pamphlets publishing international applications under the PCT. 


AL 








LS 














Finland 


LT 




SK 


Slovakia 






FR 




LU 




SN 


Senegal 


AU 












SZ 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 






Bosnia and Herzegovina 






MD 


Republic of Moldova 


TG 




BB 




GH 




MG 


Madagascar 


TJ 


Ta^kistan 


BE 




GN 




MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 






Republic of Macedonia 




Turkey 


BG 










Mali 


TT 


Trinidad and Tobago 


BJ 










Mongolia 


UA 








IL 








UG 


Uganda 


BY 












US 


United Slates of America 












Mexico 


uz 




CF 




JP 






Niger 


VN 


Viet Nam 


CG 










Netherlands 




Yugoslavia 






KG 


Kyrgyzslan 


NO 




zw 


Zimbabwe 








Democratic People 




New Zealand 






CM 






Republic of Korea 


PL 










China 


KK 


Republic of Korea 


PT 








cu 


Cuba 


KZ 


Kazakslan 


RO 


Romania 






cz 


Czech Republic 


LC 


Sainl Lucia 


RU 


Russian Federation 






DE 




LI 


Liechtenstein 


SD 








DK 


Denmark 


LK 


Sri Lanka 


SE 








EE 




LR 


Liberia 


SG 


Singapore 







WO 99/60378 



1 



PCT/GB99/01558 



PARTICLE DETECTOR SYSTEM 

The invention relates to a particle detector which combines the techniques 
of electrical impedance measurements and fluorescence from particles. 

It is known to detect particles such as blood cells or yeast cells for 
example within a sample by passing the particle through a narrow orifice and 
detecting variations in the impedance across the orifice. Additionally, it is 
known to dye or stain samples with a suitable fluorescent dye and then 
illuminate the particles with a suitable light source such as a laser beam having a 
fundamental frequency, and thereafter determine the state of the particles by the 
fluorescence signal emitted from the particles. 

However, such known systems are very complex, costly, require 
continuous adjustment and are limited in terms of minimum size of particles that 
can be detected. An object of the invention is to improve particle size and 
fluorescence particle detection systems. In particular, the invention seeks to 
enable use of a relatively narrow diameter orifice to provide accurate particle 
size measurements down to a small size whilst at the same time allowing 
fluorescence detection and preferably enabling detection and/or clearance of any 
blockages which might occur at the orifice. 

According to one aspect of the invention there is provided a combined 
impedance and fluorescence particle detecting system comprising; 

a plate separating a first and second chamber, the plate having a small 
orifice, preferably less than 150 microns in diameter, enabling the flow of 
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particles between the chambers, and means for deterrnining variations in 
impedance at the orifice due to the flow of particles therethrough; 

a light source for irradiating the particles within or close to the orifice and 
a detector for receiving light emitted by the particles; and 

Preferably means for clearing the orifice without removal of the plate 
from the system, and/or means for detecting orifice blockages is also provided. 
Other preferred features are set out in the attached claims and following 
description. 

An embodiment of the invention will now be described, by way of 
example only, with reference to the accompanying drawings, in which: - 

FIGURE 1 is a schematic perspective view of part of the system 
according to the invention; 

FIGURE 2 is a schematic front elevation view of the sample alignment 
guide shown in Figure 1 ; 

FIGURE 3 is a schematic block diagram of the fluid control circuit 
according to the invention; 

FIGURE 4 is a schematic cross sectional side elevation view of the 
sample chamber according to the invention and part of the main housing for a 
laser; 



WO 99/60378 



3 



PCT/GB99/01558 



FIGURE 5 is a schematic cross sectional plan view of the sample 
chamber shown in Figure 4; 

FIGURE 6 is a schematic exploded perspective view of a chamber divider 
and orifice according to the invention; 

FIGURES 7 and 8 are a front elevation view and end view of the divider 
shown in Figure 6; 

FIGURE 9 is a schematic perspective view of the orifice; 

FIGURE 10 is a schematic block diagram of the electronic control system 
according to the invention; 

FIGURE 11 is a schematic drawing of typical impedance and 
fluorescence signals detected by the system. 

Referring to Figure 1 there is shown part of a combined impedance and 
fluorescence particle detecting apparatus 10 according to the invention 
comprising a main housing 12 from which protrudes a sample chamber housing 
14 enclosed in a shield 15 having an inlet 16 through which a sample passes into 
a first chamber 52 shown in Figure 4. Shield 15 and housing 14 comprising an 
aperture for receiving a light detector 1 14 described later which may preferably 
be a photo-multiplier. Additionally, a wand guide 1 8 protrudes from housing 
12-. Wand guide 18 comprises a vertical groove 20 which enables alignment of 
nozzle 24 of hand-held wand 26 with inlet 16. Hand-held wand 26 further 
comprises a replaceable tip 28, a button 30, a fluid inlet pipe 32 and electrical 
connecuon 34. As shown in Figure 2, wand guide 18 comprises a pair of 
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detectors 22 such as optical detectors to determine if wand nozzle 24 is in place 
within groove 20. 

Referring to Figure 3 there is shown a schematic drawing of the fluid 
control system 36 used in apparatus 10. In fluid control system 36 a diluent 
reservoir 38, which can house say three litres of electrolyte for example, is 
connected along one path to a three-way valve 40 which is connected at one 
outlet to a syringe drive 42 which can comprise a 12 volt stepper motor for 
example, and at another outlet is connectable to wand 26 by fluid inlet pipe 32. 

Reservoir 38 is also connected via a T-connector 44 to a diluent sensor 
41, which can be an optical device for determining if diluent is present. A pump 
46 such as a 12 volt DC peristaltic pump, drives diluent to sample chamber 
housing 14 via a Y-connector 48. 

One outlet of Y-connector 48 is connected to rube 50 having a valve 5 1 
such as an electrically operated pinch valve, which controls flow of diluent 
through tube 50 to a first chamber 52 forming part of a sample chamber housing 
14. The other outlet from Y-connector 48 passes through tube 54 which has a 
valve 56, again such as an electrically driven pinch valve, which controls flow of 
fluid through tube 54 into a second chamber 58 of the sample chamber housing 
14. First and second chambers 52 and 58 respectively, are separated by a 
divider and flow restrictor 60 having an orifice 63 (see Figure 6,7,8 and 9). 
Sample chamber 14 is shown in greater detail in Figures 4 and 5. 

Fluid control system 36 further comprises a suction system comprising a 
pair of vacuum pumps 62. Each pump is connected to a vacuum reservoir 64 via 
a valve 66, such as an electrically driven pinch valve. Purge tubes 68 pass 
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almost to the bottom of reservoir 64 thereby to enable expulsion of any liquid in 
reservoir 64 via at least one of valves 66, pump 62 and outlet 70 thus for 
disposal. 

Reservoir 64 is further connected via tube 72 to the second chamber 58 of 
housing 14. Tube 72 further comprises a valve 74 such as a pinch valve and 
pressure transducer 76 such as a Honeywell Controls type 141PC05G device. 
Reservoir 64 is further connected to the first sample chamber 52 via tube 78 
having a valve 80. 

Referring to Figures 1 and 4 to 9, sample chamber housing 14 preferably 
comprises an outer shield 15 (made of conductive material) to shield against 
electromagnetic radiation. Inlet 16 leads to first chamber 52 which is separated 
from second chamber 58 by flow restrictor, plate, or divider 60. The chambers 
can be made in a body of inert material such as an acrylic or other plastic. 

In this embodiment, first chamber 52 is formed using a first part 82 and 
second part 84 which can be attached for example usmg threaded screws and 
threaded apertures and sealed to prevent leakage for example using a suitable 
gasket or membrane. First pan 82 (as shown in Figure 4) comprises a liquid 
inlet 88 which is inclined so as to direct incoming diluent from tube 50 towards 
chamber divider 60. Second part 84 comprises a fluid oudet 90 (connectable to 
rube 78) enabling drainage of first chamber 52. First part 84 further comprises 
a narrowing towards divider 60, and also a bore (not shown) enabling an 
electrode to be located within chamber 52. 

Chamber housing 14 comprises a third part 86 which defines, in part, 
second chamber 58. Third part 86 comprises a liquid inlet 92 and outiet 94 for 
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inlet and drainage of diluent into the second chamber 58. Additionally, as best 
seen in Figure 5, third part 86 is attached to main housing 12 again for example 
using threaded screws and threaded receiving apertures not shown, so as to align 
housing 14, and in particular aperture 63, with an axis A. Accordingly, third 
part 86 abuts a transparent plate 98 which can for example be made of glass and 
which is in particular free of defects in the region about axis A. Third pan 86 
comprises an annular recess 96 for an O-ring which abuts plate 98 to seal the 
abutment against fluid egress from chamber 58. A chamber 104 is defined in 
main housing 12 for receiving a laser (not shown) which directs laser light 
towards divider 60 along axis A. 

Referring to Figure 5, it can be seen that third part 86 defines a slot 100 
for receiving divider 60 and also an outer recess 102 for receiving a light filter 
and detector 1 14 as described later. 

The divider 60 which provides the panicle flow restrictor is shown in 
greater details in Figures 6 to 8. In particular, the restrictor comprises a disc 106 
which defines the orifice 63 which is aligned with axis A. The disc 106 is 
preferably made from crystalline material such as raby or sapphire and in 
particular material which exhibits a piezo electric effect. The disc 106 is 
mounted in an apenure 108 in plate 110 for example using a suitable refractive 
adhesive or cement. Plate 110 can for example be a glass slide which is 
transmissive at the desired frequency and enables transmission of light internally 
through to an end edge 111 which abuts a filter 112 which in rum abuts a light 
detector 1 14, such as a photomultiplier. 

As shown in Figure 7, the orifice 63 can be displaced from the centre of 
disc 106 for example to place it at a focal point of internal reflections within disc 
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106. A non-central focal point can be achieved for example if the surfaces of the 
disc 106 are treated to increase internal reflections, for example by silvering, as 
well as an edge of disc 106 about orifice 63. The surfaces and edges (except 
edge 111) of plate 110 can also be treated to increase internal reflections and 
thereby increase transmission of light through to filter 1 12 and detector 1 14. 

As shown in Figure 9 orifice 63 has length L and diameter D, for example 
a length of 80 microns and diameter of 30 microns is preferred for certain sizes 
or volumes of particle P which during measurement flow through orifice 63 
along direction F. However, other sizes of orifice are possible, in particular 
about 50 to 60 microns and preferably less than 150 microns. 

Referring to Figure 10 there is shown a schematic block diagram of a 
suitable electronics control system 120 for particle detection system 10. The 
control system 120 comprises a microprocessor 122 having a timer 124 and at 
least one input output port 136 for external communications. Additionally, the 
system 120 comprises a fluid controller 126 (which in reality may be formed at 
least in part by microprocessor 122) which controller actuates the valves 40. 51. 
56, 66, 74 and 80 of the fluid control system shown in Figure 3 as described 
earlier. Furthermore, communication with controller 126 enables controller 
wand 26 to actuate pumps 42, due to actuation of the on/off button 30, 
Controller 126 further operably communicates with pumps 46 and 62. the 
diluent detector 31, wand detector 22 and pressure sensor 76. Microprocessor 
122 operably communicates with controller 126 thereby to control the operation 
of the physical integers of the fluid control system 36. 

System 120 further comprises a laser driver 128 and fluorescence 
detection circuit 130, for example comprising detector chip 114. for detection of 
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signal SF shown in Figure 11. The driver 128 and detector 130 are both 
operably in communication with microprocessor 122. 

System 120 further comprises a pulse generator 132 for providing an 
electrical output signal to an electrode E positioned within one of chambers 52 
or 58. An impedance signal detector and amplifier 134 is operably in 
communication with a second electrode in the other one of chambers 52 or 58 
which amplifier 134 is also in communication with microprocessor 122 to 
enable analysis of a signal S shown by way of example in Figure 1 1 . 

As can be seen from Figure 1 1, a typical impedance signal Si comprises a 
peak having a width W at half maximum whereby the signal S f is distinguishable 
from background noise N. Similarly fluorescence signal 54 has a width at half 
maximum ofW,. 



In use, a user takes wand 26 and inserts a clean nozzle 28 into a sample. 
By pressing button 30, fluid controller 126 actuates drive 42 and valve 40 so as 
to effect a measured suction of sample into nozzle 28. Wand 26 is then placed 
in guide 18. When sensors 22 have communicated detection of nozzle 24 
therein, controller 126 actuates drive 42 and valve 40 so as to expel the gathered 
sample into first chamber 52 via inlet 16. A desired volume of diluent from 
reservoir 38 can also be presented to chamber 52 via wand 26 again usins drive 
42 or alternatively through inlet 88 using pump 46. Chamber 58 is filled with 
the electrolytic diluent from chamber 38 using pump 46 which passes diluent 
through rube 54 via inlet 92 into chamber 58. Accordingly, an electrical path 
can be provided between electrodes E via orifice 63 to enable detection of 
particles flowing through orifice 63 using detection of variation in the 
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impedance between the electrodes as detected at detector and amplifier 134. 
The impedance detection can be facilitated by applying a DC voltage of about 
20-40 V across electrodes E and for example generator 132 can be configured to 
drive a constant current between the electrodes. An AC voltage can also be 
used. 

To increase flow of particles between first chamber 52 and second 
chamber 58, a pressure differential is created between the chambers using 
vacuum reservoir 64. Fluid controller 126 ensures that the pressure on line 72 is 
sufficiently low to encourage a certain flow of particles through orifice 63 which 
are of course pushed through under the pressure differential into chamber 58 and 
out through tube 72 via valve 74 (which is of course open to reservoir 64). 
Several evacuations of reservoir 64 using pumps 62 and valves 66 may be 
required during a period of measurement of say 30 seconds on a given sample. 

At the beginning of the measurement period, pulse generator 132 applies 
an initial calibration signal which is detected by detector 1 34 and which can be 
analyzed by microprocessor 122 against a preset standard. A series of pulses, of 
say up to 1 volt at say 10 kHz can be applied to one of the electrodes by 
generator 132. 

If the calibration pulses are acceptable compared to the present standard 
measurement can begin. Otherwise recalibration can follow. Repeated failure 
can lead eventually to cleaning procedures being commenced. 

The voltage at second electrode is measured by detector 134 and 
transmitted to microprocessor 122 for example for batch analysis of data 
collected over say a 32 millisecond duration. 
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Simultaneously and/or alternatively, a laser beam is directed along axis A 
towards orifice 63 which irradiates particles passing through the orifice 63. By 
suitably dying or staining the particles in the sample with a known fluorescent 
dye, the particles emit a fluorescent signal (shifted away to a lower frequency or 
higher wavelength than the incident radiation). This light is emitted in random 
directions. However, by irradiating the particles at orifice 63 much of the 
emitted light passes into disc 106 where it is internally reflected by the disc 106 
and slide 110. The light then passes through edge 111 and subsequently filter 
112 into detector chip 114. The laser is driven by driver 128 and the detected 
light from detector chip 114 passes through to detector circuit 130 for analysis 
by microprocessor 122. 

As can be seen from Figure 11 the impedance signal Si and S F are 
substantially synchronous using this technique. Two channels of data for the 
same period, say 32 ms, can be transferred to microprocessor 122 for analysis of 
both the impedance and fluorescence signals. 

Between fluorescence and/or impedance measurements, it is possible to 
clear orifice 63 by applying a suitable pulse sequence across electrodes E. For 
example, a high frequency burst of in order of 10 kHz and a DC voltage of about 
1 volt can be applied for example for a period of three batches of one second 
with half second intervals. 

There are several possibilities for clearing the orifice 63 including 
application of electrical pulses (such bursts of 10kHz IV signals such as the 
calibration signal), flow reversal, removal of the constant current or high tension 
voltage, removal of the sample from chamber 52 and subsequent cleanins for 
example by directing diluent through inlet 88 at orifice 63. Row reversal can be 
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achieved by allowing diluent to pass into chamber 58 whilst closing off valve 74 
and drawing sample away from chamber 52 through outlet 90, i.e. by opening 
valve 80 which is connected to tube 78 and vacuum reservoir 64. Preferably 
reversal process is tried first before reverting to removal of the sample from 
chamber 52. However, each technique can be used independently, or in 
combination with the others. 

This clearance technique can be applied uniformly throughout the 
measurement period on a given sample. Alternatively, impedance signal 
detector 1 34 or fluorescent detector 1 30 can be used to detect a blockage due to 
analysis by microprocessor 122 of the detected results of the impedance and/or 
fluorescence measurements. A total blockage or partial blockage can be 
determined by microprocessor 122 in any one of the following ways. 

(a) The incidence of a single or average rate of incidence of detected 
fluorescence and/or impedance signals S P and Si falls below a predetermined 
rate; 

(b) The intensity of detected fluorescence and/or impedance signals S F and Si 
falls below a predetermined value; 

(c) The width of a fluorescence and/or an impedance signal S F and Si is above 
a predetermined size; 

(d) The average width of a number of impedance signals S is above a 
predetermined size; 
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(e) The voltage of the mean base line or noise base line of the impedance 
measurements varies above a predetermined value from the initial base line 
voltage or other determined value; 

(f) The height of a fluorescence and/or an impedance signal S F and Si 
exceeds a predetennined value; 

(g) The fluorescence and/or electrical background noise varies in a 
predetermined way such as having certain amplitude variation within a 
predetermined frequency range; and/or 

(h) The current between electrodes E varies in a predetermined way or above 
or below a predetermined value or percentage such as 5 or 10%. 

In the unlikely event that such a blockage is unable to be cleared using the 
application of high frequency pulses, it may be necessary to drain sample 
chambers 52 and 58 and wash the plate 60 on line by injecting diluent into 
chamber 52 especially directed at divider 60 through inlet jet 88. Repeated 
pulses of diluent directed at divider 60 and suction of diluent out of chamber 58 
using vacuum reservoir 64 whilst having inlet 92 closed (i.e. at valve 56) clears 
apertures 63. If this is not the case, the divider 60 can of course be removed for 
manual cleaning. 

After cleaning, or after sample removal by draining chamber 62 and 58 
using outlets 90 and 94 respectively, the chambers 52 and 58 can be cleaned by 
repeated filling and evacuation using diluent from reservoir 38. Accordingly, 
when first chamber 52 is again empty, a new sample can be introduced as 
described earlier. 
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CLAIMS: 

1. A combined impedance and fluorescence panicle detecting system 
comprising a divider separating a first and a second chamber, the divider having 
a small orifice enabling flow of liquid sample between the chambers, and means 
for determining variations in impedance at the orifice due to the flow 
therethrough of particles within the liquid sample; a light source for irradiating 
the particles within or close to the orifice and a detector for receiving emitted 
light emitted by the particles. 

2. A system according to Claim 1 wherein the divider comprises a plate 
through which the orifice passes, the plate being disposed within the system 
such that the direction of measurement of impedance and the incident direction 
of light at the orifice are both substantially perpendicular to the plane of the 
plate. 

3. A system according to Claim 1 or 2 comprising a chamber housing for the 
first and the second chamber. 

4. A system according to Claim 3 having a main housing for system 
components, and wherein the chamber housing is detachably mountable on pan 
of the main housing through which part light is operably emitted from the light 
source. 

5. A system according to Claim 3 or 4 wherein the sample chamber 
comprises a slot for receiving the divider which slot enables insertion and 
removal of the divider from its operative position. 
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6. A system according to Claim 5 wherein the chamber housing and divider 
are configured to ensure that on insertion of the divider into the slots, the orifice 
is aligned with the incident radiation from the light source. 

7. A system according to Claims 3 to 6 wherein the chamber housing 
comprises at least a two part construction enabling separation of the two parts 
for example for ease of cleaning. 

8. A system according to Claim 7 wherein the first chamber is defined by 
separable first and second parts. 

9. A system according to any of Claims 3 to 8 wherein the second chamber 
comprises an inlet aperture for incident light from the light source and means for 
preventing ingress or egress of fluid through the aperture in use. 

10. A system according to any preceding Claim comprising means for 
clearing the orifice without removal of the divider from the system. 

11. A system according to Claim 10 wherein the clearing means comprises a 
voltage generator which enables the application of a burst of electrical pulses 
across the orifice. 

12. A system according to Claim 1 1 wherein the voltage of the pulses is in the 
order of one volt, and preferably the pulse frequency is in the order of 10 kHz. 

13. A system according to any preceding Claim wherein the first chamber 
comprises an inlet for sample and/or diluent, and an oudet. 
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14. A system according to any preceding Claim wherein the second chamber 
comprises an inlet for diluent and/or sample, and an outlet. 

15. A system according to claim 13 or 14 wherein the cleaning means 
selectively inputs diluent through the inlet of the first or second chamber and/or 
removes diluent or sample through the oudets from the first or second chambers. 

16. A system according to any Claims 11 to 15 wherein the voltage generator 
applies a constant current across the orifice as the clearing means effects 
removal of the voltage across the orifice in order to assist in the clearing thereof. 

17. A system according to any preceding Claim wherein the diameter of the 
orifice is less than 150 microns, and more preferably less than 60 microns. 

18. A system according to Claim 17 wherein the orifice diameter is in the 
order of 30 microns. 

19. A system according to any preceding Claim comprising an orifice 
blockage detector. 

20. A system according to Claim 19 wherein the blockage detector 
determines one or more of: 

the incidence of a single or average rate of incidence of detected 
fluorescence and/or impedance signals to determine if the rate falls below a 
predetermined rate, 

if the intensity of detected fluorescence and/or impedance signals falls 
below a predetermined value. 
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if the width of a fluorescence and/or impedance signal is above a 
predetermined size, 

if the average width of a number of fluorescence and/or impedance 
signals is above a predetermined size, 

if the voltage of the mean base line or noise base Hue of the impedance 
measurements where is above a predetermined value from the initial voltage 
and/or other determined value, 

if the height of a fluorescence and/or impedance signal exceeds a 
predetermined value, 

if the fluorescence and/or electrical background noise varies in a 
predetermined way such as having certain amplitude variations with any 
predetermined frequency range, and/or 

if the current between the electrodes varies in a predetermined way such 
as above or below a predetermined value or percentage such as 5 or 10%. 
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